| 13 ABUMANDOUR food selection depending on the size, length, arrangement and the organization of the gill rakers. Where the shape of the inter-raker spaces determines the shape of the food particles that passing form them so it act as a sieve-like apparatus (Abumandour & El-Bakary, 2017; Abumandour & Gewaily, 2016; Fernandes, Castro, & Mazon, 2003; Kumari, Mittal, & Mittal, 2012; Kumari, Yashpal, Mittal, & Mittal, 2009 ).
There are many published articles described the characteristic features of the gill system of different life style of fish species regarding to their aquatic condition either life in marine, brackish or fresh water. This may due to the strong relationship between the gill system and many vital functions as gas exchange, type of food pass, acid base balance in the blood and ionic regulation (Abumandour & El-Bakary, 2017; Abumandour & Gewaily, 2016; Brown, 1992; Fernandes, Perna, & Moron, 1998; Goss, Perry, Fryer, & Laurent, 1998; Moron & Fernandes, 1996) .
The purpose of the current study was to investigate the full morphological description of the gill system of the tilapia Zilli (redbelly tilapia) with the lower pharyngeal jaw and determine its relation to the feeding habits to guide for their culture in the all Egyptian environmental conditions. The aim of this study was achieved grossly and by the scanning electron microscopic observations. Then, we compare the obtained results with that previously published.
| MATERIAL S AND ME THODS

| Collection of samples
The current study was conducted on twelve mature fishes of the tilapia Zilli (redbelly tilapia) C. Zillii of 40-60 g in weight and 12-16 cm in length. These fishes were collected from the Burullus Lake, Kafr El-Sheik governorate, Egypt. Then, transported to our anatomical lab in a plastic aquarium within 2 hr to perform the morphological description and scanning electron microscopic observations on their gill system and the lower pharyngeal jaw. All fishes were apparently normal and free from any abnormalities on their gill system.
The protocol of the current study was approved by the ethical committee of the Faculty of Veterinary Medicine, Alexandria University, Egypt. The current study was carried out according to the guidelines for the care and use of experimental animals and the
Animal Welfare and Ethics Committee of the Faculty of Veterinary
Medicine, Alexandria University following the laws of Egypt.
| Gross morphological descriptions
Seven fishes of the tilapia Zilli C. Zillii were used to investigate the gross morphological description of the gill system and the lower pharyngeal jaw occurred on. The operculum (gill cover) was removed from four fishes to clarify the gill system, while the gill system of other four fishes was removed to describe the gill system and the lower pharyngeal jaw. The number of the gill arches was determined.
Then, all the morphological appearance of the gill system and the lower pharyngeal jaw were photographed by the digital camera (Cannon type IXY 325, Japan).
| Scanning electron microscopic studies
The SEM observations were performed on five fishes of the tilapia Zilli C. Zillii. The fishes were caught and immediately prepared to take small specimens from gills and the lower pharyngeal jaw.
These small specimens were put at 4°C for 24 hr in a glutaraldehyde 3% solution for fixation, and then put in a graded series of acetone for dehydration. Afterwards, the specimens were put in osmium tetroxide 1% in a phosphate buffer for 2 hr for post-fixation. Subsequently, the specimens were put in ascending grades of ethanol for the dehydration process. Then, this process was followed by critical point drying in carbon dioxide. After that, the specimens were coated with gold and observed under the JEOL JSM 5300 scanning electron microscope at 15 Kv, Faculty of Science Alexandria University.
| RE SULTS
Our results showed that the gill system of the tilapia Zilli C. Zillii consists of four pairs of the curved gill arches, which named numerically F I G U R E 1 Gross morphological photograph of the head region of the tilapia Zilli (redbelly tilapia) (View a), while View (b) shows the gill system after removal of the gill cover (operculum) to clarify: gill cover (Op), pectoral fin (pf), dorsal fin (df), anal fin (vf), caudal fin (cf), gill raker (R), gill filaments (F), gill arch (Ag) and the angle (ng) dividing the gill arch into a dorsal long ceratobranchial part and ventral short epibranchial part from the lateral side to the medial side; first, second, third and fourth gill arch (Figures 1 and 2 ). The gill system was located within the two communicated gill chambers. The gill chamber was bounded; ventrally by the mandible, laterally by the operculum (gill cover), dorsally by the roof of the oral cavity, and caudally by the base of pectoral fin but medially the two gill chamber were communicated with each other (Figure 1b) . Every crescentic-shape gill arch carrying a row of gill filaments on its convex border and two rows of the gill rakers on its concave border (Figures 1, 2) . In both sides, the gills were diverged caudolaterally leaving a large triangular area bounded rostrolaterally by the fourth pair of the gill and occupied by the floor of the pharyngeal cavity (Figure 2b ). The caudoventrally opened wide gill opening was located cranial to the base of the pectoral fin and covered by the operculum (gill cover).
| Gill arch
The crescentic-shape gill arch had an oblique rostroventrally axis carrying gill rakers on its rostral concave border and gill filaments on its caudal convex border (Figures 1b, 2 ). There were two extremities of each gill arch: rostral and caudal extremity. The rostral ones of four gill arches were conjoined with each other creating the wide interbranchial septum between the gill arches. The quadrilateral interbranchial septum was wide rostrally than caudally and had elevated part at the level of the third gill arch. Meanwhile, the caudal extremities of the four gill arches were curved dorsally and joined with each other and with the dorsal wall of the pharyngeal cavity (Figures 1b, 2a) . There was an angle in each gill arch dividing it into a dorsal long ceratobranchial part and a ventral short epibranchial part (Figures 1b, 2a) . 
| Gill rakers
The gill rakers occupied the rostral region of the gill arches at the rostral concave internal side of the gill arches. Each gill arch carried two rows of the small short wide spaced gill rakers: lateral and medial (Figure 2/ R1 and R2). The rakers on each row were nearly the same in size except, the lateral rakers of the first gill arch were longer than the medial ones while, the medial rakers of the fourth gill arch are longer than the lateral ones. The gill rakers of the adjacent gill arches were interdigitated with each other (Figures 2d2-6f ). The lateral gill rakers on each gill arch were directed dorsolaterally, while the medial ones directed dorsomedially.
By the SEM observations, the gill rakers on the two rows (medial and lateral) were short small bodies ( The caudal region contains two main structures: Oval-shaped leaf-like structure (T), Rounded-shaped structure (EP) at the region between the origins of the gill filaments (F). The rostral region of the gill contains the two rows of the gill rakers: the lateral row of the gill rakers (R1), and the medial row of the gill rakers (R2). View (b) represents the high magnifications of the one of the lateral gill raker (R1) that consists of a median axis (X) surrounded by two lobulated lateral regions (Lo) which carry numerous pointed spines (white headarrows), taste buds (red headarrows) and a little numbers of the opening of the chloride cells (PO). View (c) represents the high magnification of the surface of the gill arch that covered with a mosaic of the irregular polygonal pavement cells (P) with an elevated ridged-like border (rg) surrounded each cell with a little number of the opening of the chloride cells (PO) and the taste buds (red headarrows). View (d) represents the high magnification of the surface of the gill raker that covered with a mosaic of the irregular polygonal pavement cells (P) with a clear concentrically arranged surface cell ridges (rr), with a little number of the opening of the chloride cells (PO) and the taste buds (red headarrows) buds type I (Figure 3b,d ). The two lateral lobulated areas carried numerous pointed spines, taste buds and a little number of the pores of the opening of the chloride cells.
| Gill filaments
They have occupied the caudal region of the gill arch and originated from the caudal convex border of the gill arch in a perpendicular manner. The gill filament named a holobranch which was formed from two adherent hemibranches (lateral and medial one) (Figures 1a, 2a, 3a, 4a and 5a ). The length of the gill filaments was nearly the same except some of these gill filaments that were located in the two extremities are short. (Figure 5b,d) .
By the SEM observations, the gills carried structure that was considered probably as taste buds (Figure 5d ,e,f/T1 and T2).
| The lower pharyngeal jaw (Hypo-pharyngeal bone)
The post-lingual region named the lower pharyngeal jaw or hypopharyngeal bone. It is a triangular region with pointed apex rostrally FIGURE 4 Scanning electron microscopic photographs (View a, b, c, d , and e) of the gill of the tilapia Zilli (redbelly tilapia) to show; View (a) describes the SEM appearance of the gill showing the gill arch (Ag) that contain at its caudal region two main structures; oval-shaped leaf-like structure (T), rounded-shaped structure (EP) at the region between the origins of the gill filaments (F) with its secondary lamellae (L). The rostral region carries the lateral row of the gill rakers (R1).View (b) represents the magnification of the caudal region of the gill arch (Ag) with some oval-shaped leaf-like structures that carry two lateral rows of the triangular pointed spines (s) that were separated by a median groove (g). View (c) represents the magnification of the part of the oval-shaped leaf-like structure with its two lateral rows of the triangular pointed spines (s) that separated by a median groove (g) that have some taste buds (red headarrows). View (d) represents the high magnification of the magnifications of the surface of the oval-shaped leaf-like structure shows a mosaic polygonal pavement cells (P) with some taste buds (red headarrows). View (e) represents the high magnification of the magnifications of the surface of the oval-shaped leaf-like structure shows a mosaic polygonal pavement cells (P) with obvious concentrically arranged surface ridges, in which theses micro-ridges take the fingerprints appearance and have a little number of the opening of the chloride cells (PO), openings of mucous cells (PM) and base caudally. Its surface carried numerous teeth-like papillae (Figures 2b,c and 6a) . By high magnification, these papillae were originated from the socket-like depression (Figure 6b ).
| D ISCUSS I ON
The gill system of the examined fish has some morphological adaptions with the environmental conditions, and this was empathized through the presence of some morphological changes on the surface of the gills.
The examples for these modifications are the first record of some structures in the rostral region of the gill arch containing the two characteristic structures: oval-shaped leaf-like structure and rounded-shaped structure. The elevated oval leaf-like structure has a rounded end which carries two lateral rows of the triangular pointed spines separated by a median groove and has some taste buds type I under the high SEM magnification. Another characteristic change appears in the short gill rakers which formed from a median central axis surrounded by two lobulated lateral regions.
There is a minor variation in the position of the gill opening between the teleost fish species to adapt to the different environmental conditions (Abumandour & Gewaily, 2016) . The size and position of the gill opening is related to the time that the fish remain life outside the aquatic condition. Thus, the wide gill opening fish dies more rapidly than those with the narrow gill opening as described by (Norman, 1963) and confirmed by (Abumandour & Gewaily, 2016) .
The wide ventrolateral located gill opening of the examined fish is similar to that was reported in most teleost fishes (Abumandour & F I G U R E 5 Scanning electron microscopic photographs (View a, b, c, d, e, f and g) of the gill of the tilapia Zilli (redbelly tilapia) to show; View (a) describes the SEM appearance of the gill showing the gill arch (Ag) that contain at its caudal region two main structures; ovalshaped leaf-like structure (T), rounded-shaped structure (EP) at the region between the origins of the gill filaments (F) with its secondary lamellae (L). View (b) represents the magnification of the caudal region of gill arch (Ag) with the rounded-shaped structures (EP) at the region between the origins of the gill filaments (F) that carry the secondary lamellae (L). There are little openings of; the chloride cells (PO) and the mucous cells (PM) at the gill arch and gill filaments. View (c) represents the magnification of the gill filaments (F) that carry the secondary lamellae (L) and little openings of the chloride cells (PO). View (d) represents the high magnification of the gill filaments to shows the secondary lamellae (L) and little elongated openings of the chloride cells (PO) and the mucous cells (PM). There are two types of taste buds of different appearance on the gill filaments: type I (T1) and the type II (T2). View (e) represents the high magnification of the gill filaments to shows a mosaic polygonal pavement cells (P) with obvious concentrically arranged surface ridges, in which theses micro-ridges take the fingerprints appearance. View (f) represents the high magnification of the gill filaments to shows the type II taste buds (T2) that have hairlike structure (sn) projected from the volcano-shaped depression. View (g) represents the high magnification of the gill filaments to shows the type I taste buds (T1) El-Bakary, 2017; Alsafy, 2013; Zayed & Salma, 2004) The number of the gill arch has some species variation. The examined fish has four pairs of gill arches as described in many teleost fish species (Abumandour & El-Bakary, 2017; Alsafy, 2013; Cinar, Aksoy, Emre, & Aşti, 2009; Díaz, Castro, García, Díaz De Astarloa, & Figueroab, 2009; Eiras-Stofella, Charvet-Almeida, Fanta, & Vianna, 2001; Hossler, Musil, Karnaky & Epstein, 1985; Hughes & Grimstone, 1965; Kumari et al., 2012 Kumari et al., , 2009 Zayed & Mohamed, 2004) .
Meanwhile, some fish species carry three pairs of the gill arches, as noted in the puffer fish Lagocephalus sceleratus (Abumandour & Gewaily, 2016) and in the striped red mullet (Abumandour & ElBakary, 2017) . Furthermore, five pairs of the gill arches were described in the catfish (Elsheikh, 2013; Kumari, Yashpal, Mittal, & Mittal, 2005; Zayed & Salma, 2004) and Solea senegalensis (Arellano, Storch, & Sarasquete, 2004) .
The interbranchial septum is formed from the union of the rostral extremities of all gill arches. Similar results were reported by (Abumandour & El-Bakary, 2017; Abumandour & Gewaily, 2016; Alsafy, 2013; Zayed & Salma, 2004) . There is some variation in the shape of the interbranchial septum; the examined fish carries a quadrilateral area which is wide rostrally than caudally and has an elevated part at the level of the third gill arch, while this quadrilateral area caries a line of spine at the level of 3rd gill arch in the puffer fish Lagocephalus sceleratus (Abumandour & Gewaily, 2016) . Meanwhile, it appeared as narrow quadrilateral area that carries a four projected transverse crest in the grey gurnard, and appears semilunar having elevated longitudinal crest as reported by Abumandour and El-Bakary (2017), but Alsafy (2013) described that this septum has an elevated median crest in the sea bream fish but has two spines in the sea bass fish.
There is a clear acute angle in the gill arch structure dividing it into a long ceratobranchial and a short epibranchial. (Liston, 2005; Salman et al., 2005) . This relationship is more clear in the morphological appearance of the inter-raker spaces between the adjacent rakers which are considered as the main factors related to the different feeding behaviour and the size of the swallowed food particles available in the surrounding media (Abumandour & Gewaily, 2016; Magnuson & Heitz, 1971; O'Brien, 1987) . The fishes are divided into two groups according to the inter-raker space: the first group was named a wide inter-raker spaced fish species, which was adapted to eat the large-sized food particles as appeared in the carnivorous and crustacean feeder fish species (Elsheikh, 2013; Salman et al., 2005) . Meanwhile, there are some carnivorous fish species which have a narrow inter-raker space as reported by Abuzinadah, (1995) , Abumandour and Gewaily, (2016) . The second group was named the narrow inter-raker fish species, which was adapted to eat small sized food particles as reported by Kumari et al. (2009 ), Eiras-Stofella et al. (2001 , Abumandour and El-Bakary, (2017) .
There is a minor variation in the number of the rows of the gill rakers among different fish species. The presence of two rows of the gill rakers is the most common number: one lateral and one medial F I G U R E 6 Gross anatomical Photograph (view a) and Scanning electron micrograph (View b) of the triangular lower pharyngeal jaw of the tilapia Zilli (redbelly tilapia) to show; the triangular lower pharyngeal jaw (ph) that carrying numerous teeth-like papillae (tp) as described in many fish species (Abumandour & El-Bakary, 2017; Abuzinadah, 1995; Alsafy, 2013; Díaz et al., 2009; Elsheikh, 2013; Salman et al., 2005; Zayed & Mohamed, 2004) . While, there are three rows of the gill rakers: two lateral and one medial as noted in the puffer fish Lagocephalus sceleratus (Abumandour & Gewaily, 2016) and cat fish Clarias gariepinus (Elsheikh, 2013; Zayed & Mohamed, 2004 ).
In the examined fish, the secondary gill filament arises at the right angle of the primary gill filaments and there is no tertiary gill filaments, similar to that was reported by Evans, Piermarini, and Choe (2005) , Kudo and kImura, (1984) , Abumandour and Gewaily, (2016) except, Abumandour and Gewaily, (2016) , Hughes and Mittal, (1980) , Arpigny et al. (2012) who reported presence of the tertiary gill filaments.
The present SEM observations noted that the gill arch and gill raker have only one appearance taste buds named type I, while the gill filaments have two appearance of taste buds named type I which is the common one and has a blunt end, while the type II has the hair-like structures projected from the volcano-shaped depression.
These hair-like structures were projected from the taste buds type II were recorded by (Kumari et al., 2005) on the gill arch and rakers of the catfish Rita rita,. Also Kumari et al. (2005) added that, there are two types of the taste buds according to the protrusion of these nerve sensory projections: type I, the sensory protrusions were projected from the surface of taste buds, while the type II which similar to our observation, the sensory protrusion was projected from the volcano-depression. The taste buds were noted in most fish species due to their roles in the gustation and increase the efficiency in the process of the food particles selection as noted in many previous published data (Abumandour & El-Bakary, 2017; Abumandour & Gewaily, 2016; Ezeasor, 1982; Fishelson, Delarea, & Zverdling, 2004; Ghosh et al., 1988; Kasumyan, 1997; Kumari et al., 2012 Kumari et al., , 2005 . (Grau, Crespo, Saraquete, & Gonzalez De Canales, 1992; Podkowa & Goniakowska-Witalinska, 2003 ). The present study agrees with that was reported in numerous fish species by Hossler et al. (1979) , Alsafy (2013) , Franklin (1990) and Kumari et al. (2005) that the pavement cell has fold of the cell membrane called the micro-ridges forming complex patterns on the gill arch, gill raker, and gill filaments. These micro-ridges play an important role in increasing the surface area and distribution of mucus secretions as noted by Arellano et al. (2004) and Mittal, Pinky, and Mittal, (2004) .
In the present study, the hypo-pharyngeal bone is the triangular region with pointed apex rostrally and its dorsal surface carries numerous teeth-like papillae, in which each papilla is originated from the socket-like depression. In some freshwater fish species, Elsheikh, (2013) described that the hypo-pharyngeal region divided into two regions: posterior and triangular anterior region, in which the posterior region has teeth with numerous taste buds. The teeth-like projection was reported also by Rice and Lobel (2003) . Kumari et al. (2005) reported that, the hypo-pharyngeal bone carries bear of the gill rakers and teeth, while in the puffer fish Lagocephalus sceleratus, Abumandour and Gewaily, (2016) reported the presence of the two lateral row of teeth-like spines; one on each side on the hypo-pharyngeal bone.
| CON CLUS ION
The gill system of the tilapia Zilli is formed from four gill and each gill arch is divided into three regions: rostral, middle and caudal region. 
